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The decline of fossil fuel reserves and the 
increasing awareness of greenhouse gas emissions have 
been the primary driving forces behind the need to 
conserve energy. To improve fuel efficiency friction 
modifiers are commonly blended into lubricants. 
Reduction of friction will clearly lead to less energy 
requirements. However, an accurate evaluation of 
lubricant performance is not possible using existing test 
equipment. The main reason is that current test rigs 
require operating conditions that induce wear so that the 
measurement of friction in these rigs is not a real 
evaluation of friction [1].  
The paper will detail the design and 
commissioning of a purpose built test rig to measure 
frictional characteristics of various oils as well as the 
results of the tests performed.  
 
Experimental Equipment 
The test rig used in this research project is based 
on that described in [1]. The wire-on-capstan (WOC) 
test apparatus involves wrapping a metal wire around a 
rotating capstan. A weight is used to produce tension on 
the leading end of the wire. The tension on the trailing 
side is measured using a load cell. The test lubricant is 
carried around the circumference of the contact by the 
rotation of the capstan. Depending on the friction 
characteristics of the lubricant interposed between the 
wire and the capstan, different friction forces are 
measured. The fundamental difference between this and 
existing laboratory test equipment lies in its ability to 
produce high frictional forces from low contact stresses. 
This arrangement is ideal for the assessment of friction 
modifiers and thus a more accurate evaluation of their 
friction performance can be made. 
This test rig has been used to assess the friction 
characteristics of various liquid lubricants. Its 
repeatability was a major consideration in the 
commissioning phase of development. Tests were 
conducted on a mineral oil without any additives, 
monounsaturated canola oil, and four hydraulic oils; one 
based on conventional mineral oil and three based on 
rapeseed oil. All of the hydraulic oils are used in 
industrial applications. Tests were performed for 
temperatures ranging from 25 C to 100 C. 
 
Friction Results 
Table 1 indicates the friction coefficient results 
for a range of lubricants tested. 
 
Temperature C 25 40 60 80 100 
300 SN Base oil 0.154 0.142 0.137 0.130 0.127 
Canola oil (brand 1) 0.134 0.127 0.118 0.111 0.107 
Canola oil (brand 2) 0.132 0.127 0.117 0.114 0.110 
Proprietary oil No1* 0.155 0.153 0.151 0.146 0.141 
Proprietary oil No2* 0.158 0.153 0.144 0.138 0.134 
Proprietary oil No 3* 0.142 0.138 0.132 0.131 0.130 
Proprietary oil** 0.105 0.098 0.095 0.094 0.094 
Table 1 Friction coefficient for various oils operating under a 
range of temperatures: all proprietary oils are hydraulic oils. 
*   vegetable-based oil. 
** mineral based oil. 
The first point to note is that the proprietary 
mineral oil exhibits a significantly lower coefficient of 
friction than any other oil tested. The values for the two 
monounsaturated canola oils are very similar and lower 
than the base oil (mineral oil with no additives) and the 
three proprietary vegetable-based products. The latter 
three oils are synthetic esters, that is esterified vegetable 
oils from rapeseed. It is interesting to note that these 
three oils exhibit higher frictional coefficients than 
monounsaturated canola oil. The results for the 300 SN 
oil are about the average of the three synthetic ester 
hydraulic oils. 
All results exhibit a reducing friction coefficient 
as the temperature increased. Because the four 
proprietary oils have anti-wear and antioxidant 
additives, it might be expected that there would be a 
difference in frictional properties between these four 
oils and others without such additives as the temperature 
increases. Apart from the proprietary mineral-based oil, 
this was not observed. 
 
Conclusions 
The test rig has been shown to produce 
repeatable results to measure the friction coefficients for 
a range of oils operating under a range of operating 
temperatures. Further testing is required to extend the 
range of operating conditions and product types. Testing 
might include the effect of oil viscosity, humidity, 
contact pressure (number of times the wire rope is 
wrapped around the capstan) and analysis of the oil after 
the test.  
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